To construct a universal vaccine against mastitis induced by either Streptococcus agalactiae or Staphylococcus aureus, the B cell epitopes of the surface immunogenic protein (Sip) from S. agalactiae and clumping factor A (ClfA) from S. aureus were analyzed and predicted. sip-clfA, a novel chimeric B cell epitope-based gene, was obtained by overlap PCR, and then the recombinant Sip-ClfA (rSip-ClfA) was expressed and purified. rSipClfA and inactivated S. agalactiae and S. aureus were formulated into different vaccines with mineral oil as the adjuvant and evaluated in mouse models. The rSip-ClfA vaccination induced immunoglobulin G (IgG) titers higher than those seen in groups immunized with inactivated bacteria. Furthermore, the response to rSip-ClfA immunization was characterized as having a dominant IgG1 subtype, whereas both bacterial immunizations produced similar levels of IgG1 and IgG2a. The antiserum capacities for opsonizing adhesion and phagocytosis were significantly greater in the rSip-ClfA immunization group than in the killed-bacterium immunization groups (P < 0.05). The immunized lactating mice were challenged with either S. agalactiae or S. aureus via the intramammary route. At 24 h postinfection, the numbers of bacteria recovered from the mammary glands in the rSip-ClfA group were >5-fold lower than those in both inactivated-bacterium groups (P < 0.01). Histopathological examination of the mammary glands showed that rSip-ClfA immunization provided better protection of mammary gland tissue integrity against both S. agalactiae and S. aureus challenges. Thus, the recombinant protein rSip-ClfA would be a promising vaccine candidate against mastitis induced by either S. agalactiae or S. aureus.
Streptococcus agalactiae and Staphylococcus aureus are the most common etiologic agents of contagious bovine mastitis, which results in the reduction of milk quantity and quality (31) . It was estimated that S. agalactiae and S. aureus mastitis contributes to 10% of annual milk loss (15) . Antibiotic treatment is the method most often used to fight mastitis. Because milk antibiotic residue affects food safety due to possible induction of drug resistance in bacteria, there is regulatory pressure to justify the use of antimicrobials to control mastitis in dairy cattle (12) . Vaccines would be a logical and promising approach to prevent mastitis in food production animals (33) . For bovine mastitis, a few conventional inactivated vaccines using killed bacteria or live attenuated bacteria are available (11, 18) . However, to date, the reported efficacy of these approaches has been unsatisfactory (17) . Problems have been due to the high number of mastitis pathogens and their heterogeneity, high production costs, and poor availability or poor efficiency (25) . Immune boosting with epitope-based vaccines has been shown to be successful for various infectious diseases, such as Salmonella enterica serovar Enteritidis infection (32) , Neisseria meningitidis infection (35) , and tuberculosis (7) . Moreover, the epitope vaccine can be easily delivered and is capable of stimulating effective immune responses while avoiding potentially hazardous and undesirable side effects (34) . Currently, no vaccine against bovine mastitis containing one or two epitopes has been successfully developed.
The Sip protein from S. agalactiae and ClfA (clumping factor A) protein from S. aureus have both been suggested to be good vaccine candidates for S. agalactiae mastitis and S. aureus mastitis, respectively. On the one hand, Sip is a highly conserved protein for human group B streptococcal (GBS) serotypes and bovine S. agalactiae (27) . The immunization of mice with purified recombinant Sip protein can induce cross-protective immunity against lethal infection by different GBS serotypes (3) . Furthermore, Sip-specific antibodies can cross the placental barrier and confer protection against GBS diseases to newborn mice (20) . On the other hand, ClfA is an important adhesin and a critical virulence factor in almost all S. aureus strains (24) . DNA vaccination against S. aureus ClfA induces protective immunity against S. aureus-caused mastitis in both mice (5) and cows (23) . In addition, the recombinant ClfA protein may provide protection against mouse S. aureus mastitis (10) .
In the present study, we analyzed and predicted the B cell epitopes of Sip and ClfA. Two fragments containing B cell epitopes, one each from Sip and ClfA, were selected for the construction of a fusion gene and thereby production of a recombinant fusion protein named rSip-ClfA. The protective effect of rSip-ClfA against intramammary challenge with either S. agalactiae or S. aureus was then evaluated in mouse models.
MATERIALS AND METHODS
Strains and media. S. agalactiae strain W34 and S. aureus strain J9 were isolated from local dairy cows having mastitis, and both were characterized and stored in our laboratory (19) . The S. agalactiae strain W34 and S. aureus strain J9 were grown in tryptic soy broth (TSB) or agar (BD Difco, Sparks, MD). Escherichia coli was grown in Luria-Bertani (LB) broth or agar (Difco) at 37°C in the presence of 50 g/ml kanamycin when necessary.
Construction of recombinant plasmids. The sip gene without the signal peptide sequence was amplified using primers specific to the sequence published in GenBank (accession no. FJ808732) ( Table 1 ). The reaction was programmed as indicated in Table 1 . The PCR products were isolated from an agarose gel and cloned into the vector pET-30a(ϩ) to obtain pET-30a-Sip. pET-28a-ClfA was constructed previously and stored in our laboratory (10) .
The B cell epitopes of Sip and ClfA were predicted using Protean (DNAStar, Madison, WI) and two online software programs (http://www.cbs.dtu.dk/services /BepiPred/ and http://imed.med.ucm.es/Tools/antigenic.html). Using comparative analysis of the prediction results, we selected the fragments of amino acid residues from V 208 to V 375 of Sip and from Q 384 to E 557 of ClfA containing B cell epitopes. An overlapping-primer method was performed to obtain a chimeric sip-clfA gene containing Sip V 208 to V 375 , a (G 4 S) 2 flexible bridge, and ClfA Q 384 to E 557 coding sequences ( Table 1 ). The rSip-ClfA gene was cloned into the vector pET-30a(ϩ) to obtain pET-30a-Sip-ClfA.
Expression and purification of recombinant protein. E. coli strain BL21(DE3) cells harboring the recombinant plasmids pET-30a-Sip-ClfA, pET-30a-Sip, and pET-28a-ClfA were cultivated to the mid-log phase at 37°C when 0.8 mM isopropyl-␤-D-thiogalactoside (IPTG) was added to the medium. After an additional 6-h induction period, the cells were harvested by centrifugation and resuspended in phosphate-buffered saline (PBS). The cells were disrupted by ultrasound, and the supernatant containing soluble recombinant proteins was collected. The proteins with a 6ϫHis tag were purified with nickel-nitrilotriacetic acid (Ni-NTA) resin affinity chromatography (Qiagen), and protein purity was analyzed by SDS-PAGE.
Mouse immunization. (i) Vaccination schedule. Overnight cultures of S. agalactiae strain W34 and S. aureus strain J9 were harvested and inactivated with formalin (0.1% final concentration). The growth after inactivation was tested by plating. The rSip-ClfA protein, two inactivated bacterial strains, and sterile PBS were emulsified 1:1.5 (vol/vol) in an oil adjuvant.
Forty-eight female specific-pathogen-free (SPF) BALB/c mice, 7 to 9 weeks old, were randomly allocated into six groups with eight mice in each group. Treatment and challenge descriptions for each group are shown in Table 2 . One hundred microliters of the emulsion containing 40 g of protein, 5 ϫ 10 8 CFU inactivated S. agalactiae or S. aureus, or PBS was injected intraperitoneally. Immunization was performed three times at 2-week intervals. One week after each immunization, blood samples were collected for an immunological assay.
(ii) Western blot assay. The purified rSip-ClfA, recombinant Sip (rSip), and recombinant ClfA (rClfA) were separated by SDS-PAGE and electrophoretically transferred onto nitrocellulose membranes (Bio-Rad, Mississauga, ON, Canada). PBS with 3% (wt/vol) bovine serum albumin (BSA) was used to block the membranes. After several quick washes, the membranes were incubated for 1 h at room temperature with mouse antisera against rSip-ClfA (1:5,000 dilution). After extensive washing, the horseradish peroxidase (HRP)-conjugated The melting temperature for all primers was 56°C. a Immunization was performed three times at 2-week intervals. The adjuvant was oil in each case, and eight mice were in each group.
b The immunized lactating mice were anesthetized and challenged with 50 l of S. agalactiae strain W34 or S. aureus strain J9 suspension, corresponding to 1 ϫ 10 7 CFU/ml, through the fourth pair of teats.
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goat anti-mouse IgG antibody was added, and the reaction was developed by
(iii) Detection of specific antibodies with ELISA. The rSip-ClfA antibody titer was determined with an enzyme-linked immunosorbent assay (ELISA). Briefly, 96-well polyvinylchloride plates (Falcon, Fisher Scientific, Montreal, Quebec, Canada) were coated overnight at 4°C with 0.1 g of purified rSip-ClfA, rSip, or rClfA in 100 l of 50 mM carbonate-bicarbonate buffer (pH 9.6). After blocking with a skim milk solution (5% [wt/vol]) for 1 h at 37°C, serum samples were added to the plates at the specified dilutions and incubated for 45 min at 37°C. HRP-conjugated goat anti-mouse IgG antibodies (Southern Biotech, Birmingham, AL) were added, and plates were incubated for 30 min at 37°C. A 3,3Ј,5,5Ј-tetramethylbenzidine (TMB)-H 2 O 2 solution was used as the HRP substrate to develop the reaction. The enzyme reaction was stopped by adding 50 l of hydrofluoric acid (HF). Three washes with PBS-0.05% Tween 20 were performed between each step. The optical density (OD) was read on a plate reader (BioTek Instruments, Winooski, VT) at a wavelength of 630 nm.
(iv) Detection of IgG1 and IgG2a subtypes. An ELISA was performed to detect the IgG1 and IgG2a subtypes following the basic procedure described in the previous paragraph, except for the addition of specific components. Briefly, the wells were coated with 0.1 g of purified rSip-ClfA or 3 ϫ 10 5 to 5 ϫ 10 5 CFU of inactivated S. agalactiae or S. aureus in 100 l of 50 mM carbonatebicarbonate buffer (pH 9.6). The corresponding antisera from rSip-ClfA-, S. agalactiae-, and S. aureus-immunized mice were overlaid. Finally, the secondary antibody was replaced by either mouse anti-IgG1-HRP (Southern) or mouse anti-IgG2a-HRP (Southern Biotech) at a dilution of 1:100 for the inactivated groups or 1:8,000 for the rSip-ClfA groups.
(v) Reactions of S. agalactiae and S. aureus with antisera. The overall capability of IgG to bind to rSip-ClfA, S. agalactiae, and S. aureus after the third immunization was detected with an ELISA. The basic procedure was similar to that described above ["(iii) Detection of specific antibodies with ELISA"] except for the addition of specific components. Briefly, the antigens on 96-well flat-bottomed plates were replaced by either the killed S. agalactiae or the killed S. aureus. The antisera from immunized or mock-immunized animals were serially diluted 2-fold and overlaid onto the wells.
(vi) Neutrophil phagocytosis assay. The phagocytosis assay was performed as previously described, with minor modifications (23, 26) . Neutrophilic leukocytes from a healthy cow during early lactation were isolated by using methods described by Diarra et al. (8) . The cells were resuspended in Dulbecco's modified Eagle's medium (DMEM) to a concentration of 9 ϫ 10 6 cells/ml. S. agalactiae or S. aureus was incubated overnight at 37°C in TSB to reach an approximate concentration of 4.8 ϫ 10 8 CFU/ml or 2.67 ϫ 10 9 CFU/ml, respectively (determined by viability counts). Bacteria were washed twice with sterile PBS and collected by centrifugation. The bacteria resuspended in DMEM without serum or antibiotics were preincubated for 30 min at 37°C with sera from rSip-ClfA, inactivated-S. agalactiae or -S. aureus, or PBS negative-control groups after the third immunization at a bacterium/serum ratio of 100:1 (vol/vol). Preincubated bacteria (S. agalactiae or S. aureus [4 ϫ 10 8 CFU) were added to the washed neutrophils at a 40:1 bacterium-to-neutrophil ratio. The coculture was then incubated at 37°C for 30 min with slow shaking to allow phagocytosis to proceed. Phagocytosis was stopped by the addition of 1 ml of cold sterile PBS. Extracellular bacteria were removed by four washes with PBS and centrifugation at 250 ϫ g at 4°C for 5 min. Pellets were resuspended in DMEM (2 ml) and incubated at 37°C for 5 min. The cells were lysed by adding sterile distilled water after phagocytosis. The numbers of bacteria that were phagocytized by neutrophils were determined by dilution plating. The amounts of bacteria (CFU/ml) were calculated as the means of triplicate samples. Additionally, a HeLa cell control group was used to verify the efficiency of removing extracellular bacteria by washing.
Challenge of lactating mice. One week before the third immunization, one male mouse and three female mice were cohabitated to ensure impregnation of the female mice. Four days after delivery, the female mice were anesthetized (6) and injected with 50 l of S. agalactiae strain W34 or S. aureus strain J9 suspension, corresponding to 1 ϫ 10 7 CFU/ml, through the fourth pair of teats (Table  2) . After 24 h, the mice were euthanized, and their mammary glands were removed aseptically.
(i) Bacterial recovery from the mammary glands. The glands were then placed in sterile PBS at a ratio of 1:5 (wt/vol) and homogenized by using a sterile Polytron homogenizer. The homogenate was clarified at 500 ϫ g for 5 min, and the supernatant was diluted from 10 Ϫ3 to 10
Ϫ7
. For each dilution, 100 l of supernatant was spread on tryptic soy agar (TSA) plates for bacterial culture at 37°C overnight and colony counts.
(ii) Histological examination of the mammary glands. The removed mammary glands were immediately fixed in 10% formalin-PBS (pH 7.4) for 24 h and then were embedded in paraffin wax. Thin sections (0.4 m) were obtained and stained with hematoxylin and eosin (HE). Pathological histology was observed with light microscopy (Eclipse 80i; Nikon, Tokyo, Japan).
Statistics. The arithmetic mean and standard error of the mean were calculated for each treatment. The data were analyzed by using an analysis of variance (ANOVA) with the SAS software package (SAS Institute, Cary, NC).
RESULTS

Construction and expression of the Sip-ClfA fusion gene.
The fusion of epitope DNA fragments from sip and clfA genes was performed by overlap PCR (Fig. 1A) , and the recombinant plasmid pET-30a-Sip-ClfA was confirmed by sequencing. The similarities were 99% for the Sip epitope and 99% for the ClfA epitope at the nucleic acid level and 100% at the amino acid level. The predicted mass of the resultant chimeric protein was confirmed by 12% SDS-PAGE (Fig. 1B) . To determine that rSip-ClfA has an immunogenicity similar to those of the original proteins rSip and rClfA, Western blotting using the antiserum to rSipClfA was performed. The result showed that all three proteins, rSip, rClfA, and fusion protein rSip-ClfA, were able to react with antiserum against rSip-ClfA (Fig. 1C) . agalactiae and S. aureus for the immunized mice were compared ( Fig. 2A) . After immunization, all mice produced specific antibodies in the sera against the inoculated antigens. The antibody titers against rSip-ClfA and inactivated S. agalactiae and S. aureus reached the highest levels after the third immunization. Among the three immunized groups, rSip-ClfA stimulated the highest titer, 1:10 8.5 , and there was a significant difference (P Ͻ 0.01) in antibody titers between the rSip-ClfA-immunized group and the inactivated-S. agalactiae-and -S. aureus-immunized groups. With respect to immunization times, there was no significant difference between the third and second immunizations, but there was a significant difference between the first and second immunizations. This result indicates that one boost after priming was sufficient to induce high titers of antibodies for these three antigens ( Fig. 2A) .
Comparison of antibody responses induced by rSip-
(ii) IgG subtype detection. The IgG1 and IgG2a titers in the sera were detected after the third immunization (Fig.  2B ). There were significant differences between IgG1 and IgG2a titers for rSip-ClfA immunization, and the IgG1 subtype was dominant. Although the IgG1 titers were slightly higher than the IgG2a titers, there was no significant difference between these two IgG subtypes in the inactivatedbacterium groups. A comparison of the IgG1 and IgG2a titers of different groups revealed that the IgG1 level induced by rSip-ClfA immunization was significantly higher than that induced by bacterial immunization (P Ͻ 0.05), whereas the IgG2a level induced by rSip-ClfA immunization was lower than that induced by bacterial immunization (P Ͻ 0.001).
Antibody bioactivity test. (i) Reaction of antiserum with S. agalactiae or S. aureus. Antisera from each group after the third immunization were pooled for this test. The antisera against rSip-ClfA reacted more strongly with either S. agalactiae or S. aureus than the antisera against both inactivated bacteria (P Ͻ 0.01) (Fig. 3A) . Additionally, this reaction was dose dependent. With an increase in serum dilution, the capacity of antisera to bind to S. agalactiae or S. aureus decreased (data not shown).
(ii) Opsonophagocytosis assay. After preincubation of S. agalactiae or S. aureus with pools of antiserum from the rSip-ClfA, inactivated-S. agalactiae or -S. aureus, or PBS FIG. 2. IgG antibody titers (A) and serum IgG1 and IgG2a levels (B) were determined by ELISA. The mice were immunized three times at 2-week intervals, and sera were collected at 1-week intervals after each immunization. Results are shown as means Ϯ standard deviations (SD).
* , P Ͻ 0.05 between the indicated groups; ** , P Ͻ 0.01 between the indicated groups; *** , P Ͻ 0.001 between the indicated groups.
FIG. 3. (A)
We compared the capacities for antibody binding to bacteria among the groups immunized with rSip-ClfA, inactivated S. agalactiae, and inactivated S. aureus. The plates were coated with either inactivated S. agalactiae or S. aureus. Serum from the third immunization diluted to 1:800 was used. (B) In vitro phagocytosis of bacteria after opsonization. Bacteria were preincubated with sera from rSip-ClfA, inactivated vaccines, or control groups. Bacteria were then added to the neutrophils and incubated for 30 min. The numbers of bacteria phagocytized by neutrophils were determined by dilution plating. Results are shown as means Ϯ SD. * , P Ͻ 0.05 between the indicated groups; ** , P Ͻ 0.01 between the indicated groups; *** , P Ͻ 0.001 between the indicated groups.
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negative-control groups, ingestion of bacteria by bovine neutrophils was detected (Fig. 3B) . The number of S. agalactiae bacteria opsonized by the antiserum to rSip-ClfA that were ingested by bovine neutrophils was 4.24 ϫ 10 5 Ϯ 6.30 ϫ 10 4 CFU/ml, which was significantly higher than the numbers corresponding to the antiserum to the inactivated-S. agalactiae group (2.07 ϫ 10 5 Ϯ 1.80 ϫ 10 4 CFU/ml) (P Ͻ 0.05) and the PBS group (9.15 ϫ 10 4 Ϯ 2.50 ϫ 10 3 CFU/ml) (P Ͻ 0.05). Similarly, the number of S. aureus bacteria opsonized with antiserum to rSip-ClfA that were ingested by bovine neutrophils was 2.60 ϫ 10 5 Ϯ 3.30 ϫ 10 4 CFU/ml, which was significantly higher than the numbers corresponding to the antiserum to the inactivated-S. aureus group (1.32 ϫ 10 5 Ϯ 3.72 ϫ 10 4 CFU/ml) (P Ͻ 0.05) and the PBS group (1.07 ϫ 10 5 Ϯ 1.45 ϫ 10 4 CFU/ml) (P Ͻ 0.05). These results indicate that the antibodies induced by rSipClfA immunization had the strongest opsonic activities.
Additionally, few bacteria were obtained from the lysed HeLa cells, indicating that the extracellular bacteria were washed off efficiently.
Protective immunity detection. (i) Bacterial recovery from the mammary glands. The lactating mice immunized with rSip-ClfA, inactivated S. agalactiae, inactivated S. aureus, and PBS were challenged with either S. agalactiae or S. aureus. After 24 h, the bacterial loads in the homogenized tissues were measured (Table 3) . Compared with the PBSimmunized group, the recombinant-protein-immunized groups showed a reduction in the number of recovered bacteria. The amounts of S. agalactiae in the mammary glands of mice immunized with rSip-ClfA and inactivated S. agalactiae were reduced by 2.926 and 0.537 logarithms, respectively, representing a 5.4-fold difference between the two immunization groups. The amounts of S. aureus in the mammary glands of mice immunized with rSip-ClfA and inactivated S. aureus were decreased by 2.878 and 0.564 logarithms, respectively, representing a 5.1-fold difference between the two immunization groups. These findings demonstrate that rSip-ClfA immunization generates significantly better protection against both S. agalactiae and S. aureus challenge than do inactivated bacteria. Furthermore, the inactivated-bacterium immunization could produce only partial protection against the homologous bacterial challenge.
(ii) Histopathological examination of the mammary glands. Histopathological alterations of the mouse mammary glands in different groups were observed. The mammary acinar structure of mice that received the rSip-ClfA immunization was similar to the normal structure (Fig. 4) , with only a few polymorphonuclear leukocytes (PMN) infiltrating into the acini. Compared with those of the rSip-ClfA group (Fig. 5A  and D) , the mammary glandular cavities of mice from the inactivated S. agalactiae-immunized group (Fig. 5B) or S. aureus-immunized group (Fig. 5E ) were partially fused, with mild infiltration of PMN in the acini. Between the two bacterium-immunized groups, the acinar structure of the S. agalactiae-immunized group was more severely damaged than that of the S. aureus-immunized group (Fig. 5B and E) . In contrast, the structure of the mammary gland was completely destroyed in the PBS group. A large number of inflammatory cells and necrotic cell debris infiltrated into the alveoli in both the S. agalactiae (Fig. 5C ) and S. aureus (Fig. 5F ) challenge groups. These results demonstrate that rSip-ClfA immunization produced the best protection against both S. agalactiae and S. aureus challenges. The two killed-bacterium vaccines yielded partial protection against homologous challenge; however, S. aureus immunization provided better protection than did S. agalactiae against homologous challenge. 
DISCUSSION
Several attempts to produce mastitis vaccines using inactivated whole cells or virulence factors have been made recently, but the results have been unsatisfactory (12) . Immunoprevention and immunotherapy targeting epitopes provide a new approach in the control of mastitis. Epitopebased vaccines can focus immune responses to biologically active epitopes. For example, a mutiepitope-based vaccine which combined several B cell epitopes and T cell epitopes elicited high-titer neutralizing antibodies and cell-mediated immune responses against Japanese encephalitis virus (JEV) (34) . More importantly, epitope-based vaccines have increased the opportunity to rationally engineer epitopes for increased potency and breadth (30) . B cell epitopes, which are recognized and bound by the B cell receptor, are essential for the induction of protective antibody responses (34) . Therefore, in this study, a chimeric B cell epitope-based vaccine was proposed as a possible candidate vaccine with the remarkable ability to induce protection against mastitis in mice.
B cell epitopes have been classified into continuous and discontinuous epitopes (2) . Strictly speaking, all determinants are discontinuous to some extent (1) . Therefore, it is very difficult to find ideal epitopes with current biological tests. However, bioinformatic screening is an efficient way to predict epitopes in both the study of basic immunology and the development of novel vaccines. In the present study, Protean and two online software programs were used to predict the B cell epitopes of Sip and ClfA proteins. Parameters such as hydrophilicity (16) , accessibility (9), antigenicity (13), flexibility (14) , and secondary structures were used to comprehensively analyze the epitopes. The results showed that the fragments from V 208 to V 375 of Sip and Q 384 to E 557 of ClfA received the highest scores (provided by the software), and they were therefore determined as the discontinuous-epitope fragments.
By using overlap PCR, the rSip-ClfA coding sequence was successfully constructed, and the recombinant protein rSipClfA was expressed in E. coli. Combined with mineral oil adjuvant, which was previously demonstrated to be the most effective adjuvant in a protein-based vaccine (33) , the recombinant protein rSip-ClfA and inactivated S. agalactiae and S. aureus were formulated into three vaccines. In mice, the antibody induced by rSip-ClfA could be equally recognized by rSip-ClfA itself and intact rSip or rClfA as determined by Western blot assay (Fig. 1C) . These results demonstrate that the fused epitope protein rSip-ClfA retains the native conformations and antigenicities of rSip and rClfA. In addition, the antibody to rSip-ClfA could be recognized by both S. agalactiae and S. aureus (Fig. 3A) ; however, the bacterium-specific antibody titers were lower than the recombinant-protein-specific antibody titers. Therefore, this fusion protein can replace the original two proteins to induce immunity in vivo.
Because the mouse model for S. aureus-induced mastitis was successfully used to evaluate S. aureus mastitis in our laboratory and S. agalactiae mastitis in another laboratory (4, 12, 26) , the current study used the same model to evaluate protective immunity elicited by rSip-ClfA. After intramammary challenge of lactating mice with either S. agalactiae or S. aureus, the PBS-mock-vaccinated group developed apparent mastitis as evidenced by the complete disruption of the mammary gland structure and abundant infiltration of neutrophils in alveoli, which are characteristics of acute FIG. 5 . Microscopic images of the mammary gland in the rSip-ClfA groups (A and D), the inactivated-S. agalactiae group (B), the inactivated-S. aureus group (E), and the PBS control groups (C and F). All of the groups corresponding to panels A, B, and C were challenged with S. agalactiae, whereas all of the groups corresponding to panels D, E, and F were challenged with S. aureus. Female BALB/c mice were immunized with rSip-ClfA or inactivated bacteria just before pregnancy. Four days after delivery, the lactating mice were challenged with S. agalactiae or S. aureus in the right and left fourth teats of the mammary abdominal glands. Twenty-four hours later, mammary gland histology was assessed. The bigger arrows signify magnification from the white panes to the black panes. The smaller arrows show the destruction of glandular cavities or the necrosis of neutrophils (magnification, 0 ϫ400).
